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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application Serial No. 62/558,913, filed on September
15, 2017.

FIELD OF THE INVENTION

[0002] The present invention relates generally to catheters and, more particularly, to intravascular catheters for imaging
vessels in the human body.

BACKGROUND

[0003] Intravascular ultrasound (IVUS) and near-infrared spectroscopy (NIRS) imaging are widely used in interventional
cardiology as catheter-carried diagnostic tools for assessing a vessel, such as an artery, within the human body to
determine the need for treatment, to guide intervention, and/or to assess the effectiveness of treatment. Guide wire
lumen or "monorail" designs employ a guide wire lumen at the distal end of the catheter. The IVUS and NIRS imaging
components may then be disposed, typically in some form of housing, in close axially spaced relation to the guide wire
lumen.
[0004] A key aspect of most imaging catheter designs is the annular thickness of the catheter sheath at the imaging
window, typically located immediately proximal or rearward of the juncture between the terminal end of the sheath and
a guidewire lumen, and where the near infra-red energy passes into and out of the catheter lumen during operation.
More specifically, accurate optimal imaging requires the thinnest possible material forming the catheter sheath so as
not to unduly attenuate and/or distort the optical signals passing therethrough. However, when the sheath is subjected
to axial (i.e., longitudinal) pushing force as the catheter is advanced through the patient’s vasculature, a catheter sheath
made of thin material tends to bend or kink, thereby preventing the imaging window from being delivered to the intended
target location in an artery or the like. More specifically, once the catheter has been kinked, the performance of the
catheter is substantially degraded; higher friction will be encountered at the location of the kink, adversely affecting
torque transmission, as well as making it more difficult to advance the catheter over the guidewire.
[0005] There have been attempts in the prior art to minimize the unwanted bending by strengthening the guidewire
lumen. These attempts have met with somewhat limited success. We have found, however, that the location along the
length of monorail type imaging catheters that is primarily subject to kinking is at and immediately distal of the imaging
window at the terminal end section of the sheath where the transition from the guidewire lumen section to the thin sheath
material tends to cause the sheath to bend in response the axial pushing forces in opposition to friction resulting from
contact of the guidewire lumen section with the arterial wall. US 2012/316433 A1 discloses a guide wire and catheter
assembly, wherein the guide wire includes an elongated main body possessing flexibility.
[0006] US 6 949 072 B2 discloses devices for vulnerable plaque detection.
[0007] US 2012/116214 A1 relates to a multimodal catheter system and a corresponding method for intravascular
analysis.
[0008] The prior art is silent on a catheter being advanced along a guidewire with an imaging tip positioned in a
reinforced terminal section.

SUMMARY OF THE INVENTION

[0009] The invention is defined by the appended claims. The dependent claims define advantageous embodiments.
In order to minimize the kinking problem described above, the tubing of an imaging catheter, along a terminal length
section of the catheter sheath at the imaging window and forwardly thereof to the monorail section, is strengthened
against transverse bending or kinking by any of several suitable means. For example, the annular thickness of the near
infrared-transparent material at the catheter terminal length section and distally therefrom to the monorail section may
be increased sufficiently to resist or prevent kinking. Alternatively, a sleeve of different and more rigid material may be
placed about the catheter along the catheter sheath terminal length section. As a still further alternative the sheath
terminal length section may be reinforced with embedded material strengthening material or elements. In any of these
approaches, the strengthening at the applied location must be sufficient to resist catheter bending or kinking when normal
pushing forces are applied longitudinally and resisted by typically occurring opposing forces, such as friction. In addition,
the strengthening material may be transmissive to ultrasound energy so that the IVUS components can function properly
at the reinforced location.
[0010] Although it would be desirable for the employed sheath reinforcement to permit near infrared light to be trans-
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mitted therethrough without significant attenuation or distortion, that may not be possible for many, if not most, approaches
to cost-effective axial strengthening of the imaging window section of the catheter. Accordingly, means may be provided
for selectively retracting the NIRS light transmitting and receiving components to a section of the catheter located
proximally of the reinforced section to an infra-red transparent section of the catheter. Specifically, the optical components
located in the catheter lumen for transmitting and receiving near infrared light through the catheter tubing wall can be
selectively translated axially to a location where optical transmission through the catheter material is more efficient.
Since the IVUS components are typically disposed in fixed spatial relation with the NIRS components (i.e., located in a
common housing or other structure), the IVUS components are likewise axially translated.
[0011] An imaging catheter according to an example embodiment may comprise an elongate outer sheath made of a
material that is transmissive of near infrared light. The outer sheath may include a terminal section at a distal end of the
outer sheath and a main section extending from a proximal end of the outer sheath to the terminal section. A guidewire
section may extend distally from the distal end of the outer sheath and includes a lumen configured to receive a guidewire.
A torque cable may be rotatably disposed in the outer sheath, and an imaging tip may be located at a distal end of the
torque cable. The imaging tip may include optical components configured to transmit and receive near infrared light via
the outer sheath. The torque cable may be configured to position the imaging tip at the terminal length section of said
sheath, and a sheath reinforcement may be disposed along only the terminal section of the outer sheath and may be
configured to resist transverse bending of the terminal section of the outer sheath. By reinforcing only the terminal section
of the outer sheath, bending and kinking of the outer sheath may be addressed without adversely affecting imaging of
the vessel through the main section of the outer sheath.
[0012] In an embodiment, the sheath reinforcement includes a sleeve of material annularly abutting and surrounding
the terminal length section of the outer sheath. Using a sleeve as a sheath reinforcement can facilitate reinforcement of
a conventional outer sheath.
[0013] In an embodiment, the sleeve is of the same material as the outer sheath. Forming the sleeve of the same
material as the outer sheath may facilitate certain types of imaging through the terminal section of the outer sheath.
[0014] In an embodiment, the sleeve is of a material different from that of the outer sheath. Forming the sleeve of a
material that is different than that of the outer sheath may allow a thinner sleeve to be used and/or may provide additional
or different functionality (such as for calibration purposes).
[0015] In an embodiment, the sheath reinforcement is configured to cause the terminal section of the outer sheath to
have a flexure modulus more than twice that of the main section of the outer sheath, and preferably more than two and
a half times that of the main section of the outer sheath. In an example embodiment, the flexure modulus of the reinforced
terminal section of the outer sheath is greater than 160 Mpa. Configuring the sheath reinforcement to impart such values
has been found to provide adequate resistance to bending when the catheter is advanced into a vessel.
[0016] In an embodiment, a thickness of the terminal section of the outer sheath is more than twice that of the main
section of the outer sheath. Configuring the sheath reinforcement to have a thickness more than twice that of the main
section of the outer sheath has been found to provide adequate resistance to bending when the catheter is advanced
into a vessel.
[0017] In an embodiment, the sheath reinforcement has a length that is longer than the imaging tip. Configuring the
sheath reinforcement to have a length that is longer than the imaging tip may allow the imaging tip to be better protected
as the catheter is advanced into a vessel.
[0018] In an embodiment, the sheath reinforcement extends distally beyond the terminal section of the outer sheath
to the guidewire section. Configuring the sheath reinforcement to extend distally beyond the terminal section may further
improve bending resistance at the terminal section and/or strength of the guidewire section.
[0019] In an embodiment, the sheath reinforcement is made of a material that is reflective of near infrared light. In an
example embodiment, the sheath reinforcement is doped with material that provides near infrared reflectivity, such as
barium sulfate or carbon black. Configuring the sheath reinforcement to be made of a material that is reflective of near
infrared light, such as barium sulfate or carbon black, may allow the sheath reinforcement to also be used for calibration
purposes.
[0020] In an embodiment, the imaging tip further includes an ultrasound transducer and both the terminal section and
the sheath reinforcement are both transmissive of ultrasound energy. Providing an ultrasound transducer on the imaging
tip and configuring the sheath reinforcement and terminal section to be transmissive of ultrasound energy may increase
usefulness of the catheter by allowing it to be used to obtain ultrasound data in both the terminal and main sections of
the outer sheath, even if near infrared data may only be obtained in the main section of the outer sheath.
[0021] In an embodiment, the sheath reinforcement has optical characteristics that significantly limit transmission of
near infrared light therethrough, and the imaging catheter further comprises a pullback system including a linear translation
stage coupled with the torque cable and configured to selectively retract the cable proximally to axially relocate the
imaging tip immediately proximal the terminal section of the outer sheath and the sheath reinforcement. Providing a
pullback system that includes a linear translation stage coupled with the torque cable and configured to selectively retract
the torque cable proximally to relocate or reposition the imaging tip proximally of the terminal section of the outer sheath
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may facilitate protection of the imaging tip during insertion of the catheter into a vessel and acquisition of data once the
catheter is positioned at a desired location in the vessel.
[0022] Another aspect of the disclosure is directed to a method of operating any of the above catheter embodiments
comprising, prior to obtaining near infrared spectroscopy data, selectively retracting the torque cable proximally to axially
relocate the imaging tip proximal the terminal section of the outer sheath and the sheath reinforcement.
[0023] Another aspect of the disclosure is directed to a method of preventing kinking of a near infrared light transmissive
sheath of an intraluminal imaging catheter as the catheter is pushed distally through a blood vessel or the like using a
guidewire threaded through a guidewire lumen section at a distal end of the catheter, wherein the sheath includes a
terminal section adjacent the guidewire lumen section and a main section extending proximally from the terminal section.
The method comprises disposing a sleeve of material in annularly abutting and surrounding relation about only the
terminal section of the sheath, and positioning an imaging tip at the distal end of a torque cable in the terminal section
of the sheath. In an embodiment, the step of disposing comprises forming the sleeve by molding it with the sheath.
[0024] Still another aspect of the disclosure is directed to a method of imaging a vessel with a catheter including an
outer sheath made of a material that is transmissive of near infrared light, a guidewire lumen section extending distally
from a distal end of the outer sheath, a cable longitudinally and rotatably disposed lengthwise within the outer sheath,
and an imaging tip located at a distal end of the cable and including optical components for transmitting and receiving
near infrared light. The method comprises the steps of positioning the imaging tip in a reinforced terminal section of the
outer sheath between the guidewire lumen section and an unreinforced main section of the outer sheath, inserting the
catheter into a vessel using a guidewire that is threaded through the guidewire lumen section, and performing near
infrared spectroscopy of the vessel by retracting the cable to move the imaging tip to a retracted position in the main
section of the sheath proximally spaced from the terminal section of the sheath, transmitting near infrared light from the
imaging tip to the vessel wall via the outer sheath, and collecting near infrared light from the vessel wall at the imaging
tip via the outer sheath. The transmitting and collecting steps are performed after retracting the cable and while the
imaging tip is rotated and translated linearly in a proximal direction from the retracted position along the main portion of
the outer sheath. Inserting a catheter with an imaging tip located in a reinforced terminal section between the guidewire
lumen section and an unreinforced main section helps avoid bending and kinking of the outer sheath, while retracting
the imaging tip prior to transmitting and collecting avoids adversely affecting imaging of the vessel through the main
section of the outer sheath.
[0025] In an embodiment, the method further includes transmitting ultrasound energy to the vessel from a transducer
on the imaging tip, and receiving ultrasound energy from the vessel at the transducer, which provides an additional
imaging modality that can be employed prior to retracting the cable, after retracting the cable, and/or while the imaging
tip is rotated and translated linearly in a proximal direction.
[0026] In an embodiment, the imaging tip may be positioned by coupling a proximal end of the cable with a pullback
and rotation unit. Using the coupling process to position the imaging tip may provide repeatability.
[0027] In an embodiment, the retracting, transmitting, and collecting are automatically performed by a pullback and
rotation unit in response to a pullback command, thereby eliminating the possibility of transmitting and collecting near
infrared light through the reinforced section by mistake. The pullback command may be received while the catheter is
transmitting and receiving ultrasound energy, thereby facilitating multiple imaging modes.
[0028] In an embodiment, data acquisition is stopped after receiving a pullback command and resumed after the
imaging tip is retracted, thereby avoiding acquisition of data that may be misleading and/or difficult to interpret.
[0029] In an embodiment, the reinforced terminal section may be formed of a material that reflects near infrared light,
so that the reinforced terminal section may be used to calibrate the imaging tip, thereby eliminating the need for an
external calibration target.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] Embodiments of the disclosure will be described with reference to the following figures, wherein identical
structures, elements or parts which appear in more than one figure are labeled with the same reference number, and
in which:

FIG. 1 is a perspective view of an imaging catheter;
FIG. 2 is a schematic illustration of the imaging window and monorail sections of an imaging catheter according to
the prior art showing IVUS and NIRS components located axially to be aligned with the imaging window;
FIG. 3 is a schematic illustration of the imaging window and monorail sections of the imaging catheter of FIG.2
strengthened against transverse bending according to an embodiment of the invention;
FIG. 4 is a schematic illustration of the imaging window and monorail sections of the imaging catheter of FIG. 3
showing the IVUS and NIRS components retracted proximally of the strengthened section of the catheter;
FIG. 5 is a broken cross-sectional side view of an imaging catheter according to an embodiment of the invention;
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FIG. 5A is a view in transverse cross-section taken along lines 5A - 5A in FIG. 5;
FIG. 5B is a view in transverse cross-section taken along lines 5B - 5B in FIG. 5;
FIG. 6 is a schematic block diagram of pullback and rotation controls for the imaging catheter of FIG. 5; and
FIG. 7 is a flow chart illustrating the various states of control and operation of the pullback and rotation controls of
FIG. 6.

DETAILED DESCRIPTION

[0031] Referring to FIG. 1 and the schematic representation in FIG. 2, an intravascular probe 100 includes an imaging
catheter 112 with a guidewire lumen 110 defined in a monorail length section 113 at the distal end of the catheter. The
guidewire lumen extends distally from an exit opening 111 defined in the catheter peripheral wall. The catheter comprises
a longitudinally extending inner member in the form of a hollow torque cable or tube 136 and an outer sheath layer 114
composed of a material that is efficiently transmissive (i.e., transparent or translucent) to near infrared light. Such material
may be, for example, petrothene or any suitable polymer that efficiently transmits infrared light. Inside the sheath 114
there may be a transmission medium 134, such as saline or other fluid, surrounding an ultrasound transducer 120 for
providing enhanced improved acoustic transmission for IVUS operation. The transmission medium 134 is also transparent
to the infrared light emitted from an optical bench 118 for NIRS operation. The intravascular probe can be inserted into
a lumen 106 of an artery using a guidewire 108 that is threaded through the catheter guidewire lumen 110 in monorail
section 113.
[0032] A delivery optical fiber 122 and a collection optical fiber 123 extend between proximal and distal ends of the
catheter 112. The distal ends of both the collection and delivery fibers are secured to optical bench 118. A housing 116
may be located at the distal end or imaging tip of the torque cable 136 and houses and/or provides a mounting support
for both the optical bench 118 with its NIRS components and one or more ultrasound transducers 120 serving as the
IVUS components. The housing 116, including the optical bench 118 and the ultrasound transducer 120, may also be
referred to herein as an imaging tip.
[0033] A near infrared light source such as a laser (not shown) couples light into a proximal end of the delivery optical
fiber 122 which guides the light distally to the reflective surface of a delivery mirror 124 located on optical bench 118.
Mirror 124 is positioned to redirect the delivered light 125 toward the arterial wall 104. A collection mirror 126, also
disposed on the optical bench 118, redirects light 127 scattered from various depths of the arterial wall 104 into the distal
end of collection fiber 123 which transmits the collected light proximally in the catheter to an optical detector (not shown)
for processing and analysis. Other light redirectors can be used in place of mirrors (e.g., prisms, bends in the optical
fiber tips, etc.).
[0034] The optical detector that receives the collected light from collection fiber 123 produces an electrical signal that
contains a spectral signature indicating the composition of the arterial wall 104 and, in particular, whether the composition
is consistent with the presence of lipids found in a vulnerable plaque 102. The spectral signature in the electrical signal
can be analyzed using a spectrum analyzer (not shown) implemented in hardware, software, or a combination thereof.
[0035] At the imaging window section of catheter 112, namely the terminal length section of sheath 114 surrounding
the mirrors 124, 126 and ultrasound transducer 120 and extending to the proximal end of monorail section 113, the thin
annular wall of sheath 114 optimizes transmission of near infrared light therethrough without significant attenuation and
distortion. As described above, it has been found that the thin sheath wall at the imaging window section is particularly
subject to kinking or bending when the catheter is pushed through an artery or similar lumen. In accordance with one
aspect of the present invention, in order to prevent or minimize the possibility of such kinking, the terminal length section
is reinforced or strengthened. In the embodiment illustrated in FIG. 3, this strengthening may be achieved by a sheath
reinforcement in the form of a sleeve 140 disposed to annularly abut and surround the sheath terminal length section
to be protected. In this case the sleeve extends axially from, or slightly proximally of, the proximal end of the NIRS and
IVUS imaging components (i.e., housing 116) to approximately the proximal end of monorail section 113. Thusly posi-
tioned the sleeve 140 surrounds and structurally protects the terminal length section of the catheter most susceptible to
kinking when the catheter is pushed distally in an artery. Sleeve 140 may be made of a material different from that of
the material of catheter sheath 114, or it may be molded from the same material as an annularly thicker integral section
of the catheter.
[0036] If sleeve 140 or other sheath reinforcement is constituted such that its presence does not significantly adversely
affect transmission (i.e., by distortion and/or attenuation) of near infrared energy through the catheter sheath wall at the
imaging window, NIRS and IVUS components can remain in the position shown and function as required. Under any
circumstances, the sleeve or its equivalent sheath reinforcement should not adversely affect transmission of ultrasonic
energy to and from ultrasound transducers 120 through the catheter sheath. However, cost or other considerations may
force the use of sheath reinforcements that attenuate and/or distort near infrared transmission therethrough and thereby
preclude effective NIRS operation at the strengthened location. Under such circumstances the imaging components
may be selectively pulled a short distance proximally so as to transversely align with a non-reinforced section of the
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catheter where the annular sheath wall is maximally transmissive to near infrared light. Such a configuration is illustrated
in FIG. 4 where the NIRS and IVUS components are shown in a retracted location, having been pulled back by torque
cable 136 (FIG. 3) from the terminal length section of the sheath, so as not to be surrounded by sleeve 140. The pullback
operation is described in greater detail below.
[0037] The material chosen for strengthening the sheath terminal length section may be chosen to permit near infrared
reflection measurements to be made for system normalization or calibration purposes. More specifically, if the sleeve
140 is made more highly reflective of near infrared light, with the imaging tip at the distal end of the torque cable positioned
in longitudinal alignment with the sleeve, NIRS imaging may be activated. The delivered light, rather than being transmitted
out of the catheter to the arterial tissue, will be substantially reflected back from the sleeve to the collection mirror and
transmitted back to the processing system as a reference signal. The resulting data can then be used for system
normalization. If the sleeve is made of a plastic material, that material may be doped with material (e.g., barium sulfate,
carbon black, etc.) that provides the desired near infrared reflectivity characteristics.
[0038] Regarding the degree of additional stiffness that should be provided by sleeve 140, Table I below shows
measurements of stiffness for ten specimens of catheters at an imaging window location that has not been strengthened
according to the present invention. It is noted that mean bending or flexure modulus for these measurements is 60.732
MPa. Table II shows measurements of stiffness for ten specimens of catheters at an imaging window location that has
been strengthened according to the present invention. The mean bending or flexure modulus for these measurements
is 166.91 MPa, or 2.7 times that for the non-strengthened catheters.
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[0039] A less schematically represented embodiment of a catheter 212 is illustrated in FIGS. 5, 5A and 5B. The catheter
comprises an inner torque cable or tube 236 and an outer infrared transmissive sheath layer 214 composed of a material
such as petrothene or any suitable polymer that transmits near infrared light. A guidewire lumen ‘210 is defined longi-
tudinally through a guidewire or monorail length section 213 extending distally from the terminus of sheath 214 to define
the distal end of the catheter. Guidewire lumen 210 extends distally from a guidewire exit opening 211 defined through
the catheter peripheral wall. A guidewire 208 may be threaded through the catheter guidewire lumen 210 in monorail
section 213 when the catheter is inserted into a lumen of an artery.
[0040] Delivery and collection optical fibers (not shown) extend within torque cable 236 between proximal and distal
ends of the catheter. A housing 216 may be located at the distal end or tip of the torque cable 236 and houses and/or
serves as a mounting support for NIRS components on an optical bench (not shown) and IVUS components in the form
of one or more ultrasound transducers (not shown). Operation of the catheter in the IVUS and NIRS modes is as described
in connection with FIGS. 2, 3 and 4.
[0041] Strengthening of catheter 212 is achieved by means of a sleeve 240 disposed to annularly abut and surround
the terminal length section of the catheter to be protected. In this case the sleeve extends axially and distally from a
location slightly rearward or proximal of the proximal end of the NIRS and IVUS imaging components (i.e., in housing
216) to slightly beyond the proximal end of monorail section 213. Thusly positioned the sleeve 240 surrounds and
structurally protects the terminal length section of the sheath, which is most susceptible to kinking when the catheter is
pushed distally in an artery. Sleeve 240 is molded from the same material as the catheter sheath 214, thereby providing
the sheath as an annularly thicker integral section of the catheter. Alternatively, the sleeve 240 may be made of a
strengthening material different from that of the material of the sheath, such as a plastic, metal, etc., as described above.
[0042] In the example shown in FIGS. 5, 5A and 5B, the monorail section 213 has an elongate portion with a longitudinal
axis laterally offset from a longitudinal axis of the outer sheath 214, and a small angled portion extending proximally
from the elongate portion to the outer sheath. Guidewire exit 211 is formed through the elongate portion of the monorail
section 213 distally of the small angled portion. The sleeve 240 extends distally from a location slightly rearward or
proximal of housing 216 in its fully extended state, across the small angled portion of the monorail section 213 to a
location along the elongate portion of the monorail section distally of the guidewire exit 211. In this way, sleeve 240 may
reinforce and strengthen the monorail section 213 in the vicinity of guidewire exit 211 while also resisting bending or
kinking of the outer sheath 214 proximally of the monorail section. In the example shown, proximal and distal ends of
the sleeve 240 are tapered to avoid edges that can make it more difficult to push the catheter through the vessel and/or
damage the vessel wall, and a medial portion of the sleeve is bent at an angle corresponding to the angle of the monorail’s
angled section. Although these features of the sleeve provide certain advantages, they may also result in non-uniform
ultrasound transmissiveness along the length of the sleeve which could potentially be misinterpreted as abnormalities
in the vessel.
[0043] In the embodiment shown, the reinforced portion of the monorail section 213 in the vicinity of the guidewire exit
211 has a first wall thickness, the reinforced terminal length section of the outer sheath 214 has a second wall thickness
smaller than the first wall thickness, and the remainder of the outer sheath 214 has a third wall thickness smaller than
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the second wall thickness. Thus, it will be appreciated that each of these sections may have a different flexure modulus.
[0044] Exemplary dimensions for the catheter shown in FIGS. 5, 5A and 5B are as follows, it being understood that
these dimensions are provided solely as perspective for understanding the invention and are not per se limiting on the
scope of the invention (as defined by the appended claims):

[0045] Referring to FIG. 6, which shows how data for pullback and rotation functions are transmitted, a pullback and
rotation control unit (PBR) 300 is shown as including a stationary printed circuit board (PCB) controller 303 for controlling
a non-rotating PCB section 302 that is linearly movable and a rotating PCB section 301 that rotates and moves linearly.
Non-rotating PCB section 302 and rotating PCB section 301 are linearly translatable and signals may be transmitted
therebetween via slip rings or the like. Control unit 300 serves to permit controlled rotation and longitudinal translation
of the catheter torque cable 136 or 236 in FIGS. 3 and 5, respectively, from an operator console 304 at which a system
processor and a near infrared laser are located. Longitudinal translation is affected in a conventional manner, for example
by means of a lead screw and rotary motor that power the lead screw via a pulley and belt arrangement. Rotating PCB
301 and the rotary motor may be mounted on a shuttle (indicated by broken lines in FIG. 6) that is movable linearly
within PBR 300. Non-rotating PCB section 302 may also be mounted on the shuttle to longitudinally translate with the
rotating PCB 301. A motor for effecting linear translation may be mounted on the housing for PBR 300. Motor control,
including pullback control, may originate from the stationary PCB controller 303 as shown, or from a controller located
on the rotating PCB 301 or the non-rotating PCB 302.
[0046] The catheter is shown in a ready position in FIGS. 3 and 5. In the ready position, the imaging tip 116 or 216 is
located in the terminal length section of the outer sheath 114 or 214. Preferably, the imaging tip is in its fully distal position
in the ready position to provide a reliable reference point for subsequent operations. When a pullback and rotation of
the imaging tip is requested from the ready position, the PBR 300 may be configured to inhibit NIRS and IVUS data
collection from the imaging tip and linearly retract the imaging tip to a start position proximally spaced relative to the
reinforcement means 140 or 240 (i.e., a start position), after which NIRS and/or IVUS data collection may be enabled
and the imaging tip may be pulled back and rotated to acquire IVUS and NIRS data along a length of the vessel. Data
acquisition between the ready and start positions is preferably inhibited because the sheath reinforcement may be
nontransmissive of NIR light and, even if it is transmissive of IVUS energy, the sheath reinforcement may be non-uniform
(e.g., uneven, tapered, and/or angled) along its length, which might cause IVUS imaging anomalies that could be mistaken
for abnormalities in the vessel.
[0047] If the reinforcement means is transmissive of UV energy, the transducer on the imaging tip may be used in the
ready position to acquire and display live IVUS (LIVUS) data (e.g., by requesting LIVUS mode on the PBR unit). Alter-
natively, the imaging tip (and, thus, the transducer) may be retracted from the ready position to a start position proximally
spaced relative to the reinforcement means before acquiring and displaying LIVUS data (e.g., by requesting pullback
on the PBR). In either case, once in LIVUS mode, the catheter (including the sheath and the imaging tip) may be manually
rotated and/or translated as a unit from outside the body to aim the ultrasound transducer within the vessel. Also, controls
on the PBR may be used to effect linear translation of the imaging tip (and, thus, the transducer) relative to the outer
sheath. In an embodiment, the PBR is configured to rotate the imaging tip as it is retracted or otherwise linearly translated
relative to the outer sheath. Rotating the imaging tip during linear translation has been found to improve operation of
the catheter in tortuous vessels.
[0048] A user may request automatic pullback and rotation of the imaging tip (and, thus, the transducer) while the
system is in LIVUS mode. If the system is in LIVUS mode and the imaging tip is in the ready position when automatic
pullback and rotation is requested, the PBR may be configured to inhibit data collection and to retract the imaging tip
(and, thus, the transducer) relative to the outer sheath, to a position proximally spaced relative to the reinforcement
means (e.g., the start position), before initiating the pullback and rotation operation. If the system is in LIVUS mode and
the imaging tip is in the start position, or at a location proximally spaced from the start position, the pullback and rotation
operation may proceed without an initial retraction of the imaging tip.
[0049] Examples of the various states, modes or conditions of system operation 400 described above are illustrated
in the flow chart shown in FIG. 7 to which reference is now made. The system is shown powered off at 401. At power
on the system goes through an initialization state or mode 403 and then goes into a home rotary state or mode 405
(e.g., wherein the rotary motor spins the rotary axis of the rotating PCB until it finds an index mark in an encoder). It then
places the system in a home linear state or mode 407 (e.g., by moving the lead screw until it finds the boundary of a
linear sensor at the desired home position). If the sensor is not found, the user at the console may actuate keys at the

i. Sleeve 240 axial length: 3.76 6 0.25 mm
ii. Sleeve 240 outside diameter: 1.118 6 0.051 mm
iii. Sheath 214 outside diameter: 1.016 6 0.051 mm
iv. Sheath 214 inside diameter: 0.838 6 0.001 mm
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console keypad or on the PBR to place the system in the home linear state. When the system is in the home linear state
or mode 407 both the rotational and linear axes are at home and the system enters a catheter disconnected state or
mode 408 from which it can go to an idle state or mode 409 if a catheter is already connected to the PBR or it can remain
in the catheter disconnected mode awaiting connection of a catheter. If a catheter is connected to the PBR in the catheter
disconnected mode 408, the system enters a catheter jog state or mode 410 in which the PBR is configured to automatically
advance the carriage distally a small distance (e.g., 1 mm) to ensure that the catheter is seated on the nose piece of
the PBR. Seating the catheter on the nose piece in this manner ensures proper transfer of linear and rotational forces
as well as proper communication of electrical and optical signals across the coupling. In an embodiment, the catheter
and PBR may be configured to connect only when the imaging tip is at or very near the ready position (e.g., by configuring
hub components of the catheter to align with corresponding portions of the nose piece of the PBR only when the imaging
tip is at or very near the ready position). To this end, translation buttons on the PBR may be operable in the catheter
disconnected mode 408 to linearly translate the imaging tip to the ready position. If a catheter is then connected, the
system moves to the above-described catheter jog state 410, to ensure proper seating of the catheter, and enters the
idle mode 409.
[0050] Consider the system as being in an idle mode 409 in which the catheter is connected to the PBR and no data
is being taken. As noted above, the imaging tip is preferably at or near its ready (e.g., fully distal) position when the
system enters the idle mode 409. If LIVUS is requested (e.g., by actuating a LIVUS key on the PBR or console) while
the system is in the idle mode 409, the system is placed in the LIVUS requested state or mode 411 and then enters the
LIVUS mode 413 in which data is being taken at the imaging tip using the ultrasound transducer. While data being
acquired in LIVUS mode 413 may be displayed, the system may or may not be configured to record or save the data
while in LIVUS mode. Other possible scenarios include:

1. In Idle mode 409, pullback is requested with the imaging tip in the ready position:

a. In Idle mode 409, pullback is requested (e.g., by actuating a pullback key on the PBR or console) with the
imaging tip in the ready position.
b. The system enters the LIVUS Requested state or mode 411.
c. A LIVUS Enable command is generated, and the system enters a Move In Sleeve state or mode 412.
d. A flag to inhibit data acquisition is set, and data acquisition is inhibited.
e. Linear axis velocity is obtained from computer storage (e.g., the linear axis velocity may be encoded in
executable code) (typically 10 mm/sec).
f. When the rotary axis speed reaches a predetermined value, linear translation of torque cable begins.
g. Torque cable is linearly translated to move the imaging tip to a start position that is displaced from its previous
position by the axial length of the terminal length section of the outer sheath.
h. After the imaging tip reaches the start position, the LIVUS mode 413 is entered, and the flag to inhibit data
acquisition is cleared .
i. The system resumes sending data from the retracted position.

2. In LIVUS mode 413, pullback is requested with the imaging tip in the ready position:

a. In LIVUS mode 413, collected data is sent to the computer at the console which may or may not be sav-
ing/recording.
b. Pullback is requested (e.g., by actuating the pullback key or switch on the PBR or console).
c. Move In Sleeve mode 412 is entered.
d. A flag to inhibit data acquisition is set, and data acquisition is inhibited.
e. When rotary axis speed reaches a predetermined speed, linear translation of torque cable begins and imaging
tip begins axially traversing reinforcing sleeve.
f. Torque cable is linearly translated to move imaging tip proximally to a position that is displaced from the ready
position by the axial length of the reinforcing sleeve (e.g., the start position).
g. After the imaging tip reaches the new position, LIVUS mode 413 is entered, and the flag to inhibit data
acquisition is cleared.
h. The system resumes sending IVUS data from the new position.

3. In LIVUS mode, proximal translation is requested with the imaging tip in the ready position.

a. In LIVUS mode 413, data is sent to the console computer, which may or may not be saving/recording the data.
b. A command is entered to translate the imaging tip in a proximal direction (e.g., by pressing a key on the PBR
unit), placing the system in a LIVUS translation state 425.
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c. A flag to inhibit data acquisition is set and data acquisition is inhibited.
d. When rotary axis speed reaches a predetermined speed, linear translation of the torque cable begins and
the imaging tip begins axially traversing the sheath reinforcement.
e. The torque cable is linearly translated to move the imaging tip proximally to a position that is displaced from
the ready position by the axial length of the sheath reinforcement at the speed selected by the particular translate
key. If the user continues to press the translate key after the imaging tip has been repositioned, the imaging tip
will continue to be linearly translated at the selected speed. If the user stops pressing the translate key while
the imaging tip is being repositioned, the system will continue to move the imaging tip proximally to a position
that is displaced from the ready position by the axial length of the sheath reinforcement.
f. After the imaging tip reaches its new position, LIVUS mode 413 is entered, and the flag to inhibit data acquisition
is cleared.
g. The LIVUS state 413 resumes sending data from its new retracted position.

4. In Idle mode 409, pullback is requested with the imaging tip in the start position:

a. In Idle mode 409, pullback is requested (e.g., by actuating the pullback key on the PBR or console) with the
imaging tip in the start position.
b. The system enters a Pullback ("PB") Requested state or mode 415 in which the system waits for permission
to perform a pullback.
c. If permission is received within a predetermined time-out period, the system enters a PB Moving state or
mode 417 in which the imaging tip is simultaneously rotated and translated proximally and in which data acqui-
sition is enabled. Otherwise, the system returns to the Idle mode 409.
d. In the PB Moving mode 417, LIVUS and NIR data are collected while the imaging tip is rotated and retracted
proximally by the PBR.
e. If the system senses that the imaging tip has reached the end of its travel, or if the user terminates pullback
(e.g., by pressing a stop key on the PBR or the console), the system enters a Stop Acquisition state or mode
419 in which motion and data acquisition are disabled.
f. The system may then return to the Idle mode 409 (e.g., after a predetermined amount of time or after receiving
a command from the console computer), from which the user may enter a Translate state or mode 421 (e.g.,
by pressing an arrow button on the PBR or console) to return the imaging tip to the start or ready positions.

5. In LIVUS mode 413, pullback is requested with the imaging tip in the start position (e.g., after scenario #2):

a. In LIVUS mode 413, pullback is requested (e.g., by actuating the pullback key on the PBR or console) with
the imaging tip in the start position.
b. The system enters a Pullback ("PB") Requested state or mode 423 in which the system waits for permission
to perform a pullback.
c. If permission is received within a predetermined time-out period, the rotational speed of the imaging tip is
adjusted to a scanning speed and the system enters a PB Moving state or mode 417 in which the imaging tip
is simultaneously rotated and translated proximally and in which data acquisition is enabled. Otherwise, the
system returns to the LIVUS mode 413.
d. In the PB Moving mode 417, LIVUS and NIR data are collected while the imaging tip is rotated and retracted
proximally by the PBR.
e. If the system senses that the imaging tip has reached the end of its travel, or if the user terminates pullback
(e.g., by pressing a stop key on the PBR or the console), the system enters a Stop Acquisition state or mode
419 in which motion and data acquisition are disabled.
f. The system may then return to the Idle mode 409 (e.g., after a predetermined amount of time or after receiving
a command from the console computer), from which the user may enter a Translate state or mode 421 (e.g.,
by pressing an arrow button on the PBR or console) to return the imaging tip to the start or ready positions.

[0051] In an example embodiment, the initialize state 403, home rotary state 405, and home linear state 407 are
examples of one time states (i.e., they occur once per reset). The Idle state 409, LIVUS requested state 411, LIVUS
mode 413, PB requested states 415 and 423, and stop acquisition state 417 are examples of linear motion disabled
states (i.e., states in which motion of the imaging tip relative to the sheath is disabled) that can occur more than once
during a procedure. The PB moving state 417, and the LIVUS translation state 425 are examples of linear motion enabled
states (i.e., states in which motion of the imaging tip relative to the sheath is enabled).
[0052] In an example embodiment, the PBR 300 may be configured to retract the imaging tip from the ready state at
a speed that is different than the speed at which it pulls back the imaging tip from the start state. For example, the PBR
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may be configured to reposition or retract the imaging tip from the ready state to the start state at 2mm/sec or 10 mm/sec,
and to pull back the imaging tip back from the start state at 0.5 mm/sec, 1 mm/sec, or 2 mm/sec while acquiring data.
In an example embodiment, while in LIVUS mode, the imaging tip may be translated by the user at 2mm/sec or 10 mm/sec.
[0053] In an example embodiment, pressure or force sensors may be mounted on the nose piece of the PBR and the
system may be configured to monitor an axial force exerted on the nose piece by the inner member (e.g., the torque
cable) and to enter a Force Error state or mode 429 when the imaging tip is moving distally in the sheath and the axial
force on the nose piece exceeds a predetermined threshold (e.g., suggesting that the rotating imaging tip is encountering
a kink in the outer sheath or an extremely tortuous anatomical feature or user error). Since excessive force can indicate
a dangerous condition (e.g., a risk of penetration through the outer sheath), in the Force Error mode 429, the system
may perform one or more remedial actions. For example, the system may automatically stop rotation and/or further
linear translation of the imaging tip. Alternatively, the system may automatically retract the imaging tip proximally a
predetermined distance (e.g., 10 mm). The system may continue to rotate the imaging tip during retraction following a
force error event.
[0054] For any fault other than a force error, the system may be configured to enter an In Fault state or mode 431 in
which the system automatically stops rotation and linear translation of the imaging tip..
[0055] It will be appreciated that the particular modes and states described above and illustrated in FIG. 7 represent
a particular embodiment of a system in which an imaging tip in an imaging catheter may be selectively pulled back or
retracted from a position at a specified length section of the catheter. The pullback may be necessitated because of
degradation of transmissivity of light (e.g., near infrared light) at the specified length section due to structural enhancement
thereof or for other reasons (such as non-uniformity of ultrasound transmissiveness). It will be appreciated that various
modifications can be made. For example, when a pullback and rotation is requested from a ready/idle state, the PBR
may be configured to inhibit data collection and linearly retract the imaging tip to a position proximally spaced relative
to the reinforcement means, after which data collection may be enabled and the imaging tip may be pulled back and
rotated to collect NIR and/or IVUS data. It will also be appreciated that, instead of selectively retracting the imaging tip
prior to collecting data, data may be collected through the reinforcement means and subjected to data processing specific
to the reinforced section which differs from the normal data processing used to process data collected through unrein-
forced sections of the catheter.
[0056] The above-described embodiments are provided by way of example and are not intended to limit the scope of
the invention, as defined by the appended claims. Persons of ordinary skill in the art will appreciate that various modi-
fications and changes may be made without departing from the scope of the invention. It should be understood that
features described with respect to one embodiment may be used with other embodiments.
[0057] The following further examples are presented not as embodiments of the invention as claimed but as examples
useful for understanding the invention as claimed:

1. A method of imaging a vessel with a catheter including an outer sheath made of a material that is transmissive
of near infrared light, a guidewire lumen section extending distally from a distal end of the outer sheath, a cable
longitudinally and rotatably disposed lengthwise within the outer sheath, and an imaging tip located at a distal end
of the cable and including optical components for transmitting and receiving near infrared light, the method comprising
the steps of:

positioning the imaging tip in a reinforced terminal section of the outer sheath between the guidewire lumen
section and an unreinforced main section of the outer sheath;
inserting the catheter into a vessel using a guidewire that is threaded through the guidewire lumen section; and
performing near infrared spectroscopy of the vessel by:

retracting the cable to move the imaging tip to a retracted position in the main section of the sheath proximally
spaced from the terminal section of the sheath;
transmitting near infrared light from the imaging tip to the vessel wall via the outer sheath; and
collecting near infrared light from the vessel wall at the imaging tip via the outer sheath; wherein
the transmitting and collecting steps are performed after retracting the cable and while the imaging tip is
rotated and translated linearly in a proximal direction from the retracted position along the main portion of
the outer sheath.

2. The method of example 1, further comprising the steps of:
transmitting ultrasound energy to the vessel from a transducer on the imaging tip; and receiving ultrasound energy
from the vessel at the transducer.

3. The method of example 2, wherein the steps of transmitting and receiving ultrasound energy are performed via
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the terminal section prior to retracting the cable.

4. The method of example 2, wherein the steps of transmitting and receiving ultrasound energy are performed while
the imaging tip is rotated and translated linearly in a proximal direction from the retracted position along the main
portion of the outer sheath.

5. The method of example 1, wherein positioning the imaging tip includes coupling a proximal end of the cable with
a pullback and rotation unit.

6. The method of example 5, wherein retracting includes holding the outer sheath stationary and retracting the cable
with the pullback and rotation unit.

7. The method of example 6, wherein the imaging tip is rotated and translated linearly in a proximal direction using
the pullback and rotation unit.

8. The method of example 7, further comprising receiving a pullback command at the pullback unit, and wherein
the steps of retracting, transmitting, and collecting are automatically performed by the pullback and rotation unit in
response to the pullback command.

9. The method of example 8, wherein the pullback command is received while the catheter is transmitting and
receiving ultrasound energy.

10. The method of example 8, wherein data acquisition is stopped after receiving the pullback command and is
resumed after the imaging tip is retracted.

11. The method of example 1, wherein the terminal section of the outer sheath is reinforced by a sheath reinforcement
made of a material reflective of near infrared light, and further comprising transmitting near infrared light to, and
receiving near infrared light from, the sheath reinforcement when the imaging tip is positioned in the terminal section
of the outer sheath.

12. The method of example 3, wherein the retracting step is performed after the steps of transmitting and receiving
ultrasound energy at the terminal section of the outer sheath.

13. The method of example 12, further comprising stopping transmission and reception of ultrasound energy at the
terminal section of the outer sheath prior to the retracting step and resuming transmission and reception of ultrasound
energy after the retracting step.

14. The method of example 11, further comprising using the reinforced terminal section to calibrate the imaging tip.

Claims

1. A catheter (112) including an outer sheath (114) made of a material that is transmissive of near infrared light, a
guidewire lumen section (110) extending distally from a distal end of the outer sheath (114), a cable (136) longitudinally
and rotatably disposed lengthwise within the outer sheath (114), and an imaging tip (116) located at a distal end of
the cable (136) and including optical components for transmitting and receiving near infrared light, wherein the
catheter (112) is configured for:

positioning the imaging tip (116) in a reinforced terminal section of the outer sheath (114) between the guidewire
lumen section (110) and an unreinforced main section of the outer sheath (114);
advancing the catheter (112) along a guidewire (108) that is threaded through the guidewire lumen section
(110), wherein the advancing step is performed with the imaging tip (116) positioned in the reinforced terminal
section of the outer sheath (114); and
performing near infrared spectroscopy by:

retracting the cable (136) to move the imaging tip (116) to a retracted position in the main section of the
outer sheath (114) proximally spaced from the reinforced terminal section of the outer sheath (114);
transmitting near infrared light from the imaging tip (136) via the outer sheath (114); and
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collecting near infrared light at the imaging tip (116) via the outer sheath (114);
wherein the transmitting and collecting steps are to be performed after retracting the cable (136) and while
the imaging tip (116) is rotated and translated linearly in a proximal direction from the retracted position
along the main portion of the outer sheath (114).

2. The catheter (112) of claim 1, further configured for:

transmitting ultrasound energy from a transducer on the imaging tip (116); and
receiving ultrasound energy at the transducer.

3. The catheter (112) of claim 2, wherein the steps of transmitting and receiving ultrasound energy are to be performed
via the reinforced terminal section prior to retracting the cable (136).

4. The catheter (112) of claim 2, wherein the steps of transmitting and receiving ultrasound energy are to be performed
while the imaging tip (116) is rotated and translated linearly in a proximal direction from the retracted position along
the main portion of the outer sheath (114).

5. The catheter (112) of claim 1, wherein retracting the cable (136) is accomplished with a pullback and rotation unit.

6. The catheter (112) of claim 5, wherein retracting includes retracting the cable (136) in a proximal direction with the
pullback and rotation unit.

7. The catheter (112) of claim 6, wherein the imaging tip (116) is rotated and translated linearly in a proximal direction
using the pullback and rotation unit.

8. The catheter (112) of claim 7, further configured for receiving a pullback command at the pullback and rotation unit,
and wherein the steps of retracting, transmitting, and collecting are to be automatically performed in response to
the pullback command.

9. The catheter (112) of claim 8, wherein the pullback command is received while the catheter (112) is transmitting
and receiving ultrasound energy.

10. The catheter (112) of claim 8, wherein data acquisition is stopped after receiving the pullback command and is
resumed after the imaging tip (116) is retracted.

11. The catheter (112) of claim 1, wherein the terminal section of the outer sheath (114) is reinforced by a sheath
reinforcement made of a material reflective of near infrared light, and wherein the catheter (112) is further configured
for transmitting near infrared light to, and receiving near infrared light from, the sheath reinforcement when the
imaging tip (116) is positioned in the terminal section of the outer sheath (114).

12. The catheter (112)of claim 3, wherein the retracting step is to be performed after the steps of transmitting and
receiving ultrasound energy at the terminal section of the outer sheath (114).

13. The catheter (112)of claim 12, further configured for stopping transmission and reception of ultrasound energy at
the terminal section of the outer sheath (114) prior to the retracting step and resuming transmission and reception
of ultrasound energy after the retracting step.

14. The catheter (112) of claim 11, further configured for, prior to retracting the imaging tip (116), calibrating the imaging
tip (116) by transmitting near infrared light to, and receiving near infrared light from, the sheath reinforcement when
the imaging tip (116) is positioned in the terminal section of the outer sheath (114).

Patentansprüche

1. Katheter (112), der eine äußere Hülle (114), die aus einem Material hergestellt ist, das für Nahinfrarotlicht durchlässig
ist, einen Führungsdrahtlumenabschnitt (110), der sich distal von einem distalen Ende der äußeren Hülle (114)
erstreckt, ein Kabel (136), das in Längsrichtung und drehbar in Längsrichtung innerhalb der äußeren Hülle (114)
angeordnet ist, und eine Bildgebungsspitze (116), die sich an einem distalen Ende des Kabels (136) befindet und
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optische Komponenten zum Übertragen und Empfangen von Nahinfrarotlicht enthält, enthält, wobei der Katheter
(112) konfiguriert ist zum:

Positionieren der Bildgebungsspitze (116) in einem verstärkten Endabschnitt der äußeren Hülle (114) zwischen
dem Führungsdrahtlumenabschnitt (110) und einem unverstärkten Hauptabschnitt der äußeren Hülle (114);
Vorschieben des Katheters (112) entlang eines Führungsdrahts (108), der durch den Führungsdrahtlumenab-
schnitt (110) gefädelt ist, wobei der Vorschiebeschritt mit der in dem verstärkten Endabschnitt der äußeren
Hülle (114) positionierten Bildgebungsspitze (116) durchgeführt wird; und
Durchführen von Nahinfrarotspektroskopie durch:

Zurückziehen des Kabels (136), um die Bildgebungsspitze (116) in eine zurückgezogene Position in dem
Hauptabschnitt der äußeren Hülle (114) zu bewegen, die proximal von dem verstärkten Endabschnitt der
äußeren Hülle (114) beabstandet ist;
Übertragen von Nahinfrarotlicht von der Bildgebungsspitze (136) über die äußere Hülle (114); und
Sammeln von Nahinfrarotlicht an der Bildgebungsspitze (116) über die äußere Hülle (114);
wobei die Übertragungs- und Sammelschritte nach dem Zurückziehen des Kabels (136) und während die
Bildgebungsspitze (116) gedreht und linear in einer proximalen Richtung aus der zurückgezogenen Position
entlang des Hauptabschnitts der äußeren Hülle (114) verschoben wird, durchzuführen sind.

2. Katheter (112) nach Anspruch 1, der ferner konfiguriert ist zum:

Übertragen von Ultraschallenergie von einem Wandler an der Bildgebungsspitze (116); und
Empfangen von Ultraschallenergie an dem Wandler.

3. Katheter (112) nach Anspruch 2, wobei die Schritte des Übertragens und Empfangens von Ultraschallenergie über
den verstärkten Endabschnitt vor dem Zurückziehen des Kabels (136) durchzuführen sind.

4. Katheter (112) nach Anspruch 2, wobei die Schritte des Übertragens und Empfangens von Ultraschallenergie durch-
zuführen sind, während die Bildgebungsspitze (116) gedreht und linear in einer proximalen Richtung aus der zu-
rückgezogenen Position entlang des Hauptabschnitts der äußeren Hülle (114) verschoben wird.

5. Katheter (112) nach Anspruch 1, wobei das Zurückziehen des Kabels (136) mit einer Zurückzieh- und Dreheinheit
durchgeführt wird.

6. Katheter (112) nach Anspruch 5, wobei das Zurückziehen das Zurückziehen des Kabels (136) in einer proximalen
Richtung mit der Zurückzieh- und Dreheinheit enthält.

7. Katheter (112) nach Anspruch 6, wobei die Bildgebungsspitze (116) unter Verwendung der Zurückzieh- und Drehein-
heit linear in einer proximalen Richtung gedreht und verschoben wird.

8. Katheter (112) nach Anspruch 7, der ferner zum Empfangen eines Zurückziehbefehls an der Zurückzieh- und
Dreheinheit konfiguriert ist, und wobei die Schritte des Zurückziehens, Übertragens und Sammelns als Reaktion
auf den Zurückziehbefehl automatisch durchzuführen sind.

9. Katheter (112) nach Anspruch 8, wobei der Zurückziehbefehl empfangen wird, während der Katheter (112) Ultra-
schallenergie überträgt und empfängt.

10. Katheter (112) nach Anspruch 8, wobei die Datenerfassung nach dem Empfangen des Zurückziehbefehls gestoppt
wird und nach dem Zurückziehen der Bildgebungsspitze (116) wieder aufgenommen wird.

11. Katheter (112) nach Anspruch 1, wobei der Endabschnitt der äußeren Hülle (114) durch eine Hüllenverstärkung
verstärkt ist, die aus einem Material hergestellt ist, das für Nahinfrarotlicht reflektierend ist, und wobei der Katheter
(112) ferner zum Übertragen von Nahinfrarotlicht zu und Empfangen von Nahinfrarotlicht von der Hüllenverstärkung
konfiguriert ist, wenn die Bildgebungsspitze (116) in dem Endabschnitt der äußeren Hülle (114) positioniert ist.

12. Katheter (112) nach Anspruch 3, wobei der Zurückziehschritt nach den Schritten des Übertragens und Empfangens
von Ultraschallenergie an dem Endabschnitt der äußeren Hülle (114) durchzuführen ist.
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13. Katheter (112) nach Anspruch 12, der ferner zum Stoppen des Übertragens und Empfangens von Ultraschallenergie
an dem Endabschnitt der äußeren Hülle (114) vor dem Zurückziehschritt und zum Wiederaufnehmen des Übertra-
gens und Empfangens von Ultraschallenergie nach dem Zurückziehschritt konfiguriert ist.

14. Katheter (112) nach Anspruch 11, der ferner zum Kalibrieren der Bildgebungsspitze (116) vor dem Zurückziehen
der Bildgebungsspitze (116) durch Übertragen von Nahinfrarotlicht zu und Empfangen von Nahinfrarotlicht von der
Hüllenverstärkung konfiguriert ist, wenn die Bildgebungsspitze (116) in dem Endabschnitt der äußeren Hülle (114)
positioniert ist.

Revendications

1. Un cathéter (112) comprenant une gaine externe (114) réalisée en un matériau qui laisse passer la lumière dans
le proche infrarouge dans le proche infrarouge, une section formant lumière pour fil-guide (110) s’étendant distale-
ment depuis une extrémité distale de la gaine externe (114), un câble (136) disposé longitudinalement et à rotation
dans le sens de la longueur à l’intérieur de la gaine externe (114), et un embout d’imagerie (116) situé à une extrémité
distale du câble (136) et comprenant des composants optiques pour émettre et recevoir de la lumière dans le proche
infrarouge, le cathéter (112) étant configuré pour :

positionner l’embout d’imagerie (116) dans une section terminale renforcée de la gaine externe (114) entre la
section formant lumière pour fil-guide (110) et une section principale non renforcée de la gaine externe (114) ;
faire avancer le cathéter (112) le long d’un fil-guide (108) qui est enfilé au travers de la section formant lumière
pour fil-guide (110), l’étape d’avancée étant exécutée avec l’embout d’imagerie (116) positionné dans la section
terminale renforcée de la gaine externe (114) ; et
effectuer une spectroscopie dans le proche infrarouge par :

retrait du câble (136) pour déplacer l’embout d’imagerie (116) jusqu’à une position rétractée dans la section
principale de la gaine externe (114) proximalement à distance de la section terminale renforcée de la gaine
externe (114) ;
émission de lumière dans le proche infrarouge à partir de l’embout d’imagerie (136) via la gaine externe
(114) ; et
recueil de lumière dans le proche infrarouge au niveau de l’embout d’imagerie (116) via la gaine externe
(114) ;
les étapes d’émission et de recueil devant être exécutées après retrait du câble (136) et pendant que
l’embout d’imagerie (116) est tourné et translaté linéairement dans une direction proximale depuis la position
rétractée le long de la partie principale de la gaine externe (114).

2. Le cathéter (112) de la revendication 1, configuré en outre pour :

émettre de l’énergie ultrasonore depuis un transducteur sur l’embout d’imagerie (116) ; et
recevoir de l’énergie ultrasonore au niveau du transducteur.

3. Le cathéter (112) de la revendication 2, dans lequel les étapes d’émission et de réception d’énergie ultrasonore
doivent être exécutées via la section terminale renforcée avant de retirer le câble (136).

4. Le cathéter (112) de la revendication 2, dans lequel les étapes d’émission et de réception d’énergie ultrasonore
doivent être exécutées pendant que l’embout d’imagerie (116) est entraîné en rotation et translaté linéairement
dans une direction proximale à partir de la position rétractée le long de la partie principale de la gaine externe (114).

5. Le cathéter (112) de la revendication 1, dans lequel la rétraction du câble (136) est exécutée avec une unité
d’entraînement en recul et rotation.

6. Le cathéter (112) de la revendication 5, dans lequel le retrait comprend le retrait du câble (136) dans une direction
proximale avec l’unité d’entraînement en recul et rotation.

7. Le cathéter (112) de la revendication 6, dans lequel l’embout d’imagerie (116) est entraîné en rotation et translaté
linéairement dans une direction proximale à l’aide de l’unité d’entraînement en recul et rotation.
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8. Le cathéter (112) de la revendication 7, configuré en outre pour recevoir une commande d’entraînement en recul
sur l’unité d’entraînement en recul et rotation, et dans lequel les étapes de retrait, d’émission, et de recueil doivent
être automatiquement exécutées en réponse à la commande d’entraînement en recul.

9. Le cathéter (112) de la revendication 8, dans lequel la commande d’entraînement en recul est reçue pendant que
le cathéter (112) est en train d’émettre et de recevoir de l’énergie ultrasonore.

10. Le cathéter (112) de la revendication 8, dans lequel l’acquisition des données est stoppée après réception de la
commande d’entraînement en recul, et est reprise après que l’embout d’imagerie (116) a été rétracté.

11. Le cathéter (112) de la revendication 1, dans lequel la section terminale de la gaine externe (114) est renforcée par
un renfort de gaine réalisé en un matériau qui réfléchit la lumière dans le proche infrarouge, et dans lequel le cathéter
(112) est en outre configuré pour émettre de la lumière dans le proche infrarouge vers, et recevoir de la lumière
dans le proche infrarouge depuis, le renfort de gaine lorsque l’embout d’imagerie (116) est positionné dans la section
terminale de la gaine externe (114) .

12. Le cathéter (112) de la revendication 3, dans lequel l’étape de retrait doit être exécutée après les étapes d’émission
et de réception d’énergie ultrasonore au niveau de la section terminale de la gaine externe (114).

13. Le cathéter (112) de la revendication 12, configuré en outre pour arrêter l’émission et la réception d’énergie ultra-
sonore au niveau de la section terminale de la gaine externe (114) avant l’étape de retrait, et pour reprendre l’émission
et la réception de l’énergie ultrasonore après l’étape de retrait.

14. Le cathéter (112) de la revendication 11, configuré en outre pour, avant retrait de l’embout d’imagerie (116), calibrer
l’embout d’imagerie (116) par émission de lumière dans le proche infrarouge vers, et réception de lumière dans le
proche infrarouge depuis, le renfort de gaine lorsque l’embout d’imagerie (116) est positionné dans la section
terminale de la gaine externe (114).
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